Background: Constrictive pericarditis (CP) is defined as impaired diastolic cardiac function caused by a calcified and thickened pericardium. We assessed the clinical characteristics and time to diagnosis, as well as patient prognosis after pericardiectomy.
INTRODUCTION
Constrictive pericarditis (CP) is defined as heart failure with preserved systolic function; its clinical manifestations include shortness of breath after activity, and enervated, polyserous effusion. CP can be diagnosed from these symptoms, and imaging of calcification and thickened pericardium. The primary treatment for CP is pericardiectomy.
CP is often missed or misdiagnosed because of its insidious onset and infrequency. Although early diagnosis could improve patients' quality of life, many CP patients are not diagnosed in the early stages of the disease.
We collected data on CP patients to analyze the disease's clinical characteristics, and its diagnosis and treatment methods. We also review the progress made in diagnosing and treating CP, and focus in particular on the role of echocardiography with elevated central venous pressure in assisting clinicians to diagnose CP early and provide appropriate treatment.
MATERIALS AND METHODS
This study was conducted at Huashan Hospital (Fudan University, Shanghai, China) as a retrospective study. We analyzed data from 36 CP patients diagnosed from imaging examinations and clinical symptoms, and who underwent pericardiectomy between 2012 and 2015.
We summarized the clinical manifestations, diagnosis methods, examination results, and prognosis in these cases. Clinical manifestations included shortness of breath after activity, palpitations, chest tightness, edema in the lower extremities, pleural effusion, and ascites. Diagnosis methods were based on the results of chest CT scans and detailed findings in echocardiography, electrodiagrams, and laboratory tests (alanine aminotransferase [ALT], aspartate aminotransferase [AST], total bilirubin, conjugated bilirubin, pro B-type natriuretic peptide [proBNP] , and central venous pressure before and after pericardiectomy). The length of time to diagnosis was defined as the time that elapsed between the onset of symptoms and confirmation by echocardiography or chest CT scan. The prognosis was assessed from cardiac function and quality of life after surgery through the administration of the Minnesota Living with Heart Failure Questionnaire (MLHFQ) over telephone.
SPSS 17.0 (IBM SPSS, Armonk, NY, USA) was used for statistical analysis. The variables are presented as mean ± standard deviation for normally distributed data, and as median or percentage for data that were not normally distributed. T-tests and Pearson's chi-squared test were used for group comparisons before and after surgery. P < .01 was considered statistically significant.
RESULTS
We analyzed data from 36 patients. Mean patient age was 40.2 ± 5.6 years; 34 patients were male (94.4%). All patients had been diagnosed with CP and underwent pericardiectomy between 2012 and 2015 in Huashan Hospital, Fudan University. Table 1 displays the clinical features of the patients.
Almost every patient complained of shortness of breath, palpitations, and fatigue. Edema in both lower extremities was found in all patients, and polyserous effusions of various degrees were confirmed via imaging. Ultrasonography of patients with abdominal distension revealed moderate to large ascites. Chest CT scans showed moderate to large pleural effusion and mild pericardial effusion in 13 patients (36.1%) who complained of severe chest congestion after activity; 1,400 mL of pleural effusion was removed from one patient during surgery, and ascites combined with pleural effusion were found in three others. Apart from moderate to large polyserous effusion, two other cases showed mild polyserous effusion in imaging examinations; one 31-year-old patient complained of having slight chest congestion with edema in the lower extremities for 24 months, and one 46-year-old patient complained of having chest congestion after activity for 4 months.
Electrocardiograms found T-wave reversion in leads II, III, avF, and V4-6, indicating abnormal ventricular repolarization at the inferior and lateral wall of the left ventricle in each patient. Paroxysmal atrial fibrillation was found in four patients whose diagnosis period exceeded 12 months. Some common abnormalities were found in the laboratory tests, such as elevated troponin (c-TNT) and proBNP in 36 patients, and increased total bilirubin and conjugated bilirubin with normal ALT and AST in 29 patients. Other laboratory examinations, including a complete blood count, renal function, and electrolyte levels, were in the normal range.
All 36 patients underwent echocardiography and chest CT scans: 29 patients were diagnosed from echocardiography, and seven patients were diagnosed from the pericardial thickening found in CT scans and confirmed by echocardiograms (Table  2) . Chest CT scans revealed partial pericardial thickening of the posterior and lateral wall of the left ventricle in 27 patients, nine of whom exhibited pericardial calcification. No pericardial thickening was observed in the chest CT scans of nine patients. Echocardiography showed diastolic function restriction and increased echogenicity in the posterior and lateral wall of the left ventricle in all 36 patients, as well as an enlarged inferior vena cava with little change during respiration. Ventricular septal jitter with respiration was observed in in 22 patients, and some patients displayed pseudo-normalized or restrictive physiologic mitral valve flow changes with respiration.
The shortest period to diagnosis in the cohort was 2.5 months, and the longest period exceeded 24 months (seven patients); the mean period was 9.5 ± 2.1 months. Shortness of breath after activity was often misdiagnosed initially as dilated cardiomyopathy or pneumonia.
During the period from definite diagnosis to surgery, all of the patients were treated with thiazine diuretic. The dose of thiazine diuretic ranged from 5mg qd to 20mg bid through intravenous or oral administration. The features of edema were relieved to some extent, while other symptoms like shortness of breath, palpitations, and fatigue continued without improvement. Two patients were treated with digoxin.
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diagnosis. Pericardial thickening of 1-2 cm was found mostly at the posterior and lateral walls of the left ventricle in all patients, and pericardial calcium was observed in 11 patients during pericardiectomy. Mean central venous pressure was elevated before the procedure (19.92 ± 6.6 cmH 2 O), and decreased to 8.5 ± 2.7 cmH 2 O after the procedure (Table  3) . Patients were discharged within one week of pericardiectomy without complications such as pneumonia or lower cardiac output. Consistent with clinical diagnosis, the pathology showed tuberculosis in seven cases, including pulmonary tuberculosis in four patients and tuberculous peritonitis in one patient. The pathology in the other 29 patients showed only hyperplasia of collagen fibers, hyaline and chronic inflammation, or lymphocytic infiltration. Cardiac function recovered soon after surgery; no patients died or were re-hospitalized during a follow-up period of 4.8 ± 1.2 years. All 36 patients reported good quality of life on the Minnesota questionnaire, which resulted in a mean score of 0.9 ± 0.6 on the MLHFQ. Normal left ventricular structure and function were confirmed by echocardiography in 29 patients.
DISCUSSION
CP is characterized as a ventricular filling disorder, causing an increase in venous pressure and Kussmaul breathing, derived from pericardium adhesion to the parietal layer [Clare 2007 ]. The etiology of CP includes tuberculous pericarditis, viral pericarditis, pericardial injury after surgery, radiation, cytoskeletal disease, and idiopathic pericarditis [Chang 2017; Jiang 2013; Szabó 2013] . Tuberculous pericarditis is more prevalent in developing nations, while idiopathic pericarditis and pericardial injury after surgery have mainly been reported in developed nations.
Previous studies have indicated that young adults are prone to CP, and the prevalence is higher in [Schwefer 2009 ]. Cardiac diastolic dysfunction and increased venous pressure lead to symptoms such as jugular venous distension, pleural effusion, ascites, hepatomegaly, shortness of breath after activity, and fatigue [Welch 2017 ].
Laboratory findings revealed elevated bilirubin levels resulting from congestion in bile canaliculi because of increased venous pressure. Elevated c-TNT and proBNP indicates impairment in the myocardium from partial pericarditis, showing the degree of systemic circulation. Clinicians should pay attention to these laboratory findings if combined with diastolic cardiac dysfunction, as this could assist in making a correct diagnosis. The period from onset of symptoms to diagnosis averaged 9 months in our cohort; this is longer than the times for other diseases because of CP's atypical symptoms and lack of recognition by clinicians. Echocardiography and chest CT scans were used to diagnose CP definitively, though echocardiography was proved to be more accurate than chest CT scan.
Nonspecific ST-T wave changes imply myocardial impairment. In our cohort, ventricular repolarization of the inferior and lateral wall indicated in electrocardiograms corresponded to the findings in pericardiectomy, which showed adhesion and calcification, mostly on the posterior wall. Chest CT scans, cardiac MRI, and echocardiography are the main imaging techniques used to diagnose CP [Klein 2013 ]. Chest CT scans can detect pericardial thickening (>4 mm) and even minute calcification, while other findings may include a normal or slightly reduced ventricular chamber, enlarged inferior vena cava, hepatic vein, and right atrium, hepatosplenomegaly, ascites, and pleural effusion. Cardiac MRI can detect pericardial thickening, ventricular diastolic restriction, ventricular septal jitter, pericardial edema, and pericardial inflammation; however, cardiac MRI is less effective at detecting calcification. Chest CT scans in our cohort detected thickened pericardium in 75% of cases, pericardial calcification in 25% of cases, and no abnormal findings in the other 25% of cases, which may be attributed to physicians' unfamiliarity with pericardial disease. This lack of awareness can delay early diagnosis and treatment of the disease.
Echocardiography is the most important noninvasive diagnostic method for CP. Two-dimensional and M-mode echocardiography can detect pericardial thickening and calcification, atrial enlargement, a broadened inferior vena cava, ventricular septal jitter, and normal left ventricular systolic function [Klein 2013 ]. Mitral rheography can show a significantly increased E peak, decreased A peak, shortened deceleration time, and decreases of more than 25% during inspiration [Liu 2014; Liu 2013] . Tricuspid valve blood flow can indicate decreased expiratory flow of more than 40%-60%.
The pulmonary venous velocities' changes are similar to those of the mitral valve. The hepatic venous velocity shows increased diastolic flow during expiration, reflecting the separation between intracardiac pressure and intrathoracic pressure. The clinical features of CP are similar to those of restrictive cardiomyopathy, but tissue Doppler imaging can be used to differentiate between the two diseases [Mookdam 2011]. Rheography of restrictive cardiomyopathy yields a thin, high E wave that appears shorter than 7 cm/s in Doppler imaging, and hepatic venous velocity shows increased diastolic flow during inspiration. In contrast, Doppler changes in CP include a low E/e′ ratio, a reversed left atrial pressure curve, a septal e′ wave which gradually increases with advance of pericardial constriction, and a lower e′ wave in the posterior wall than in the septal wall. To avoid misdiagnosis, chest CT scans and cardiac MRI can be used to differentiate between the two diseases, if echocardiography is insufficient [Xiong 2013 ].
Pericardiectomy is the only definitive treatment for CP [Lee 2018; Chen 2014] . Our cohort underwent surgery by median sternotomy incision. Because of adequate preoperative evaluation, no organs were impaired. Proper surgical The pathology showed tuberculous pericarditis in seven patients, and idiopathic pericarditis in the other 29 cases, which is consistent with data from previous reports [Szabó 2013 ]. The patients were all residents of Shanghai and the Yangtze River Delta, an area of high economic development, and exhibited positive lifestyle habits and health awareness. Thus, the main etiology of CP was not tuberculosis, but some idiopathic cause.
The patients were followed for 4.8 ± 1.2 years. All 36 were able to care for themselves, and participated in normal physical exercise, which resulted in a mean score of 0.9 ± 0.6 in MLHFQ years. 29 received follow-up echocardiography, which indicated normal cardiac structure and function. Through immediate and proper treatment, CP patients have a good prognosis [Syed 2014 ]. Other retrospective analyses of hospital records found similar results [Avgerinos 2014; Lin 2012] . Good prognosis for CP cases involves accurate diagnosis and proper treatment.
Our study is limited in that it was a single-center retrospective study with a relatively small sample size, and therefore cannot fully reflect the current conditions of the disease in the region.
CONCLUSION
Early diagnosis by echocardiography with elevated central venous pressure, and treatment by timely pericardiectomy, are key to a good prognosis in CP. When patient symptoms are caused by suspected diastolic heart failure, clinicians must make an imaging examination, especially echocardiography, as soon as possible, so as to make a differential diagnosis. Once the diagnosis made, pericardiectomy should be performed in a timely manner to attain a good prognosis in the future.
